Supplementary Text
Thermal circuit analysis of dual-mode textile Figure S1 is the equivalent thermal circuits of traditional textile, cooling-mode textile, and heating-mode textile. For traditional textile, the circuit of heat transfer circuit remains the same no matter which side of textile is facing out (fig. S1a) 
where cond, conv, and rad are the abbreviation for conduction, convection, and radiation, respectively.
For dual-mode textile, the conduction, convection, and air gap resistance are similar. The major difference is that the rad low R   and rad high R   are capable of performing radiative heat exchange directly with the skin or the ambience, which will change the total heat transfer resistance ( fig. S1b and 
To analyze the radiation resistance terms, we can use Stefan-Boltzmann's law to describe the radiation heat transfer 4  4  2  2  1  2  1  2  1  2  12  1  1  1  1  1  2 
Because both skin and ambience have emissivities very close to unity, we can set the emissivity of one of the bilayer as  and rewrite Eqn (6) as 
so the radiation resistance is 
where  is determined by the bilayer emissivity.
To see how rad R affects the entire thermal circuit, we need to compare it with other components, i.e., convection and conduction. First, consider natural convection. Assume the human torso is a vertical cylinder of 1-m-high and 30 cm in diameter, then the natural convection heat transfer coefficient is
where Nu is the Nusselt number, k is the thermal conductivity of air, L is the cylinder height. For air at 302 K, thermal expansion coefficient 
Comparison of Eqn (9), (13), and (14) shows that conduction resistance is much smaller than radiation and convection, which are on the similar order of magnitude. Assume the interface resistance is also much smaller than radiation and convection resistance, and the high-emissivity layer has emissivity close to 1, low-emissivity layer has very low emissivity, then Eqn (2) 
and Eqn (3) 
The above results demonstrate the two heat transfer coefficients of the dual-mode textile is the combinational result of conduction, convection, and radiation.
Comparison between real human skin and artificial skin
To measure the heat transfer coefficient of textile, the silicone heater is used as the artificial skin to simulate the heat transfer of the real human skin. For thermal radiation, the artificial skin needs to have similar emissivity with the real skin. As shown in fig. S3C , the spectral emissivity of real human skin (palm) is compared with that of artificial skin. Their weighted average emissivities based on black body radiation at 33°C are 0.95 and 0.93 for real and artificial skin, respectively. This difference is small enough to treat the artificial skin the same way as real human skin, in terms of thermal radiation. Because the thermal measurement is steady-state, and the thermocouple is put on the top of the artificial skin, the thermal conductivity and heat capacity of the artificial skin itself do not affect the measurement of textile. For the same piece of textile, as long as the ambient temperature, the heat flux, and the skin/textile contact resistance are the same, the skin temperature (top surface) must be the same for all materials.
However, to apply the steady-state measurement result to quantify the thermal comfort of real humans, the situation would be much more complicated. For example, blood circulation, piloerection (goose bumps), and perspiration all play important roles in thermoregulation and need careful thermal engineering to simulate. The human skin thermoreceptors are buried beneath the epidermis instead of the top surface. The neuron firing will saturate over time, which means the thermoreceptors are actually heat flux sensors rather than thermometers like thermocouples. There is also a wide range of personal variation for the definition of thermal comfort. These factors demand more sophisticated measurement devices and physiological studies to investigate.
Numerical fitting of dual-mode textiles
To predict the maximal dual-modality base on our design, the heat transfer resistance components in the thermal circuit are fitted using Eqn (2), Eqn (3), the thermal measurement and emissivity data of the bare skin and the eight dual-mode measurements ( fig. S5 ). The input by our experiments are T is assumed to be 22°C when calculating artificial skin temperature. Because the transmittance of nanoPE has already been counted when measuring emissivities, we treated nanoPE as completely IR-transparent in the fitting process. The temperatures of bilayer emitters were expressed by these inputs and, and then the expression for radiation resistances can therefore be derived. The radiation, conduction, and convection resistance are used to calculate the total heat transfer resistance, which yields the calculated artificial skin temperature. These calculated values are fitted with the experimental values using least squares linear regression method to derive the heat transfer resistance components (table S2) . Assume the contact resistance within the bilayer is the same as within two layers of nanoPE. The thermal conductivity of nanoPE and carbon coating were excerpted from the previous literature (35, 36) .
Comparison of dual-modality between IR-opaque and IR-transparent textiles
Using different emissivities to achieve different radiative heat transfer modes is not limited to nanoPE. In fact, any material with asymmetrical emissivities will have, to some extent, dual-modality. However, only IR-transparent materials (nanoPE) can realize both meaningful cooling and heating, but IR-opaque materials can only switch between "warm" and "warmer". Here, we will show that the dual-mode textile made by IR-opaque layers (high-ε/IR-opaque/low-ε) is always less effective than our design achieved by the nanoPE (IR-transparent/high-ε/low-ε). Note the configuration of "IR-opaque/high-ε/low-ε" is equivalent to "IR-opaque/low-ε" because the high-ε layer cannot have radiation heat exchange while being sandwiched between IR-opaque and low-ε layers. fig. S9a is the heat transfer circuits of four configurations: IR-opaque heating/cooling and IR-transparent heating/cooling. Without loss of generality, we place the bilayer emitter on the outside of the IR-transparent layer. Figure S9b . At cooling mode, the IRtransparent textile is 2.5°C cooler than the IR-opaque textile and is very close to the bare skin scenario. Because bare skin represents the lower limit of skin temperature, it is not a trivial task to achieve such a large difference in cooling effect without maximizing radiative heat transfer using IR-transparency. In fact, if the air gap resistance is infinitely small and the carbon layer has emissivity as high as human skin, then the cooling power will be very close to the case with only nanoPE. This poses a fundamental distinction between IR-transparent and IR-opaque textile. At heating mode, the IR-opaque textile is only 0.8°C warmer than the IR-transparent, so the IR-transparent textile has a much more pronounced dualmodality. Essentially, the IR-transparent textile can really approach the bare skin limit and switch the heat transfer mode between "cool" and "warm", but IR-opaque textile can only achieve "warm" and "warmer".
To generalize the comparison between IR-transparent and IR-opaque textile, we can compare their total thermal resistances. In most scenario, the temperature difference between the skin and the ambience is only tens of degrees Celsius, we can safely assume the radiation heat transfer coefficient is independent of the emitter temperature for simplicity. Therefore, for cooling mode () () 
which is simply replacing 1 R in Eqn (19) (21) is valid. IR-transparent textile indeed has higher dualmodality than IR-opaque textile.
Grey body assumption
In this manuscript, we apply grey-body assumption to the textiles, i.e.
( ) ( , )
. This assumption is valid because the temperature difference between the textile and the ambience, which is usually less than 20K, is small enough to neglect the wavelength distribution of the thermal radiation. Quantitatively, we use the emissivity spectrum of cooling-mode, heating-mode (Fig. 2f) , and traditional textile ( fig. S13 ) to calculate the weighted average emissivities as a function of temperature ( fig. S14 ). The emissivities are almost constant throughout the entire ambient temperature range. According to Kirchhoff's Law, these weighted average emissivities are the same as the weighted average absorptivity at the same temperature. This means the absorptivity of textile for the ambience ( 14 40 C amb T  ) is almost the same as the emissivity at skin temperature ( 34 C skin T  )
Chamber temperature stability
The chamber temperature stability can be discussed from two aspects: 1) whether the chamber temperature is temporally stable or it can fluctuate with the lab ambient temperature and 2) whether the temperature is spatially uniform at 22°C within the entire chamber. First of all, the lab ambient temperature is fairly stable at 22±1°C, measured by a tabletop digital thermometer. Due to the large thermal mass of the chamber, we did not encounter any reproducibility issues during the experiments. This is also the reason why the chamber temperature can be controlled within such a small error bar, as shown in Fig. 4B in the main text. For the spatial variation, admittedly, the circulating water and the chamber wall might have different temperatures. Although such spatial variation can affect the absolute thermal properties of the samples, it is reasonable to believe that its impact is small and linear and can only add/subtract a small constant to the total heat transfer coefficients. The error due to such spatial variation can be calculated as follows. When the chamber wall emissivity is close to unity, the radiative heat flux (W/m 2 ) from the skin (or textile) to the chamber is only 0.4% different from the result of uniform chamber temperature. In conclusion, the temporal and spatial variation of the chamber temperature in our thermal measurement have little impact on the experimental results.
Justification of using specular emissivity for radiative heat transfer analysis
All the emissivities measured in this manuscript are incident at angle of 12°, based on the integrating sphere parameters. Although such specular emissivity is easy to measure and has higher signal-to-noise ratio, it is the hemispherical emissivity that is more relevant to the radiative heat transfer in our thermal measurement apparatus ( fig. S3A ). Therefore, it is necessary to justify the assumption that 12° specular emissivity is close to the hemispherical emissivity. We performed the diffuse emissivity measurement for such comparison. Figure S16A shows the measurement schematic for specular emissivity using the diffuse gold integrating sphere. The central mirror reflects the light toward the top port at 12° with respect to the vertical axis. The detected intensity is . Note the transmissivity is negligible and therefore not included in the formula for simplicity. To measure the diffuse emissivity, the central mirror is rotated and the light beam is reflected towards the diffuse gold surface rather than the top port ( fig. S16B ). Based on the Lambertian assumption of integrating sphere, this will result in a uniform irradiance within the sphere, and the detected light intensity will be proportional to the total area of diffuse gold. At the top port area, 100% Comparing with the 12° specular emissivity, the diffuse emissivity spectra do not have the fluctuation between 8 and 13 μm due to the lack of thin film interference. However, they are noisier below 8 μm and above 15 μm, which is due to the low light intensity caused by water vapor absorption and the instrument limitation. For cooling mode, the weighted average of specular and diffuse emissivities are 0.84 and 0.83, respectively. For heating mode, the weighted average of specular and diffuse emissivities are both 0.56. The proximity of specular and diffuse emissivities justifies our usage of specular emissivity in the manuscript.
To further investigate the radiative property, we also measured the angle-dependent emissivity. The measurement is done by mounting the sample onto various copper triangles which are attached to the reference diffuse gold cap. As shown in fig. S16D , the cooling mode emissivity begins to decrease when the incident angle is larger than 57°, whereas the heating mode emissivity remains stable even the 
